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the	unit	more	purposefully	than	they	have	done	so	before,	which	can	lead	to	more	deliberate	study	habits	not	only	in	mathematics	but	also	in	other	subjects.	RESEARCH	QUESTIONS		1. Are	the	students’	actual	performance	levels	on	test	day	closer	to	the	student	predicted	levels	or	closer	to	the	students’	self-reported	levels	(where	they	think	they	are	on	the	day	before	the	test)?		H0:	The	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	in	actual	performance	level	and	the	self-reported	level	(where	they	think	they	are	on	the	day	before	the	test).	2. Are	there	interventions	that	improve	student	predictions	for	how	they	expect	to	perform	on	a	test?	2.1 Do	worked	examples	have	any	effect	on	how	close	student	predicted	level	is	to	actual	performance	level?	H0:	For	students	who	received	worked	examples,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	for	students	who	did	not	receive	worked	examples.	2.2 Do	worked	examples	and	an	emphasis	on	teaching	students	the	importance	of	metacognition	have	any	effect	on	how	close	student	predicted	level	is	to	actual	performance	level?	H0:	For	students	who	received	worked	examples	and	a	metacognitive	treatment,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	for	students	who	did	not	receive	worked	examples	and	a	metacognitive	treatment.	
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H0:	The	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	in	actual	performance	level	and	the	self-reported	level	(where	they	think	they	are	on	the	day	before	the	test).	2. Are	there	interventions	that	improve	student	predictions	for	how	they	expect	to	perform	on	a	test?	2.1 Do	worked	examples	have	any	effect	on	how	close	student	predicted	level	is	to	actual	performance	level?	H0:	For	students	who	received	worked	examples,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	for	students	who	did	not	receive	worked	examples.	2.2 Do	worked	examples	and	an	emphasis	on	teaching	students	the	importance	of	metacognition	have	any	effect	on	how	close	student	predicted	level	is	to	actual	performance	level?	H0:	For	students	who	received	worked	examples	and	a	metacognitive	treatment,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	for	students	who	did	not	receive	worked	examples	and	a	metacognitive	treatment.	2.3 Is	there	a	difference	between	engineering	and	non-engineering	students	on	how	close	student	predicted	level	is	to	actual	performance	level?	H0:	For	students	who	are	in	engineering,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	is	equal	to	the	mean	difference	for	non-engineering	students.	
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2.4 Do	worked	examples	and	metacognitive	strategies	have	any	effect	on	how	close	student	predicted	level	is	to	actual	performance	level	for	subgroups	of	students,	based	on	particular	self-reported	levels	and	predicted	levels?	H0:	For	students	in	subgroups	of	particular	self-reported	and	predicted	levels,	the	mean	difference	in	actual	performance	level	and	student	predicted	level	for	those	who	received	worked	examples	and	a	metacognitive	treatment	is	equal	to	the	mean	difference	for	those	who	did	not.		3. What	are	student	perceptions	around	using	learning	targets	to	inform	student	progress	in	learning?		4. What	are	teacher	perceptions	around	using	learning	targets	to	inform	student	progress	in	learning?	 POPULATION	AND	SAMPLING	This	research	study	took	place	at	Northwest	Rankin	High	School,	a	suburban	school	in	Rankin	County	School	District	near	Jackson,	Mississippi.	Sixty-five	of	the	sixty-six	students	enrolled	in	Ms.	Baird’s	three	sections	(A4,	B2,	and	B3)	of	Advanced	Math	Plus	(precalculus)	took	part	in	the	study.	Students	who	enrolled	in	Ms.	Baird’s	precalculus	class	have	shown	interest	in	taking	Advanced	Placement	(AP)	Calculus	their	senior	year.	Northwest	Rankin	High	School	takes	seriously	the	stance	of	the	College	Board	on	access	and	equity	by	offering	open	enrollment	for	all	AP	and	pre-AP	courses.	While	it	should	be	noted	that	many	of	Ms.	Baird’s	students	rank	at	the	top	of	their	class,	it	should	also	be	noted	that	any	student	could	self-elect	to	participate	in	the	class.	Ms.	Baird	and	her	students	were	selected	to	participate	in	the	study	because	of	the	progress	Ms.	Baird	made	with	students	on	sharing	learning	targets	both	in	class	and	on	unit	
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assessments	throughout	the	first	semester.	Additionally,	Ms.	Baird	has	shown	interest	in	taking	a	next	step	in	clarifying	and	sharing	learning	targets	with	students	and	was	willing	to	provide	opportunities	for	students	to	rate	their	progress	on	learning	targets	during	the	second	semester.	Students	were	not	asked	to	identify	themselves	in	any	manner	and	thus	their	anonymity	has	been	protected.		All	of	Ms.	Baird’s	students	were	classified	as	juniors.	45%	are	female.	79%	are	white.	30%	have	taken	at	least	one	class	in	the	NWRHS	Engineering	Academy.	See	Table	3.1	for	a	breakdown	of	student	demographics	by	section.	Table	3.1	












Sample	Student	Data,	Unit	7	Raw	Student	Number	 7_1	self-reported	level	 7_1	predicted	level	 7_1	actual	level	 7_2	self-reported	level	 7_2	predicted	level	 7_2	actual	level	 7_3	self-reported	level	 7_3	predicted	level	 7_3	actual	level	 7_4	self-reported	level	 7_4	predicted	level	 7_4	actual	level	100	 3	 4	 3	 2	 4	 4	 3	 4	 4	 2	 3	 4	101	 4	 4	 3	 4	 4	 2	 4	 4	 3	 3	 4	 3	102	 3	 4	 3	 2	 3	 3	 3	 4	 4	 2	 4	 3		 To	determine	how	well	students	self-reported	and	predicted	their	progress	towards	the	learning	target,	the	researcher	found	the	difference	for	each	learning	target	of	the	self-reported	level	(at	what	level	does	the	student	think	she	is	right	now?)		and	the	actual	level	of	student	success	(at	what	level	did	the	student	actually	perform	on	the	test?),	which	from	this	point	on	will	be	called	self-reported	change,	and	also	the	difference	of	the	predicted	level	of	success	for	each	learning	target	and	the	actual	level	of	student	success,	which	from	this	point	on	will	be	called	predicted	change	(see	Table	3.3).		
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Table	3.3	
Sample	Student	Data,	Unit	7	Learning	Targets	Self-Reported	Change	and	Predicted	Change	Student	Number	 7_1	self-reported	change	 7_1	predicted	change	 7_2	self-reported	change	 7_2	predicted	change	 7_3	self-reported	change	 7_3	predicted	change	 7_4	self-reported	change	 7_4	predicted	change	100	 0	 -1	 2	 0	 1	 0	 2	 1	101	 -1	 -1	 -2	 -2	 -1	 -1	 0	 -1	102	 0	 -1	 1	 0	 1	 0	 1	 -1	
Note.	Self-reported	change	is	the	difference	between	self-reported	level	and	actual	performance	level	on	test;	
predicted	change	is	the	difference	between	predicted	level	and	actual	performance	level	on	test.		 A	value	of	0	indicates	that	the	student	actually	performed	on	the	test	at	the	same	level	they	self-reported	or	predicted.	A	value	of	-1	indicates	that	the	student	performed	one	level	lower	than	the	level	self-reported	or	predicted;	-2	indicates	an	actual	performance	two	levels	lower	than	the	level	self-reported	or	predicted.	A	value	of	1	indicates	that	the	student	performed	one	level	higher	than	the	level	self-reported	or	predicted;	2	indicates	an	actual	performance	two	levels	higher	than	the	level	self-reported	or	predicted.	The	mean	of	the	differences	between	self-reported	and	actual	levels	as	well	as	the	mean	of	the	differences	between	predicted	and	actual	levels	for	the	learning	targets	on	each	unit	test	were	used	to	determine	a	single	self-reported	change	and	a	single	predicted	change	for	each	student	by	each	unit	(see	Table	3.4).	Table	3.4	





















Section	 Number	(n)	 Female/Male	%	 White/Black/Hispanic/Asian	%	 Engineering	Academy	%	1	(A4)	 18	 44%/56%	 72%/22%/6%/0%	 11%	2	(B2)	 25	 40%/60%	 80%/16%/0%/4%	 40%	3	(B3)	 23	 52%/48%	 82%/9%/0%/9%	 35%	Total	 66	 45%/55%	 79%/15%/1%/5%	 30%		 VALIDITY	AND	RELIABILITY		 The	researcher	used	students’	final	Algebra	2	grades	and	their	two	semester	precalculus	grades	to	determine	whether	the	three	precalculus	sections	in	the	study	were	reasonably	comparable	to	ensure	that	the	results	of	the	study	are	reliable.	92%	of	the	students	had	the	same	Algebra	2	teacher.	All	students	were	in	Ms.	Baird’s	precalculus	sections,	and	thus	she	assigned	all	student	grades	throughout	the	year.	The	data	were	analyzed	using	a	one-way	ANOVA	with	statistical	significance	set	at	an	alpha	level	of	0.05	to	measure	the	influence	of	the	independent	variable,	class	section,	on	the	dependent	variables,	final	Algebra	2	grade	(see	Table	4.2),	semester	one	precalculus	grade	(see	Table	4.3),	and	semester	two	precalculus	grade	(see	Table	4.4).	The	resulting	p-values	show	no	statistically	significant	difference	between	Ms.	Baird’s	three	precalculus	sections.		 	
		 38	
Table	4.2	
One-Way	Analysis	of	Variance	of	Final	Algebra	2	Grade	by	Precalculus	Section	Source	 df	 SS	 MS	 F	 p	Between	groups	 2	 78.26	 39.13	 0.36	 0.699	Within	groups	 56	 6021.88	 107.53	 	 	Total	 58	 6100.14	 	 	 	
	 Table	4.3	
One-Way	Analysis	of	Variance	of	Semester	1	Precalculus	Grades	by	Precalculus	
Section	Source	 df	 SS	 MS	 F	 p	Between	groups	 2	 155.09	 77.54	 0.57	 0.568	Within	groups	 62	 8508.45	 137.23	 	 	Total	 64	 8663.54	 	 	 	
	 Table	4.4	
One-Way	Analysis	of	Variance	of	Semester	2	Precalculus	Grades	by	Precalculus	
Section	Source	 df	 SS	 MS	 F	 p	Between	groups	 2	 202.18	 101.09	 0.75	 0.477	Within	groups	 62	 8314.07	 134.10	 	 	Total	 64	 8516.25	 	 	 		The	researcher	examined	test	scores	from	the	previous	three	years	for	Units	7,	8,	and	9	to	determine	whether	student	scores	on	the	tests	were	reasonably	comparable	to	
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eliminate	the	possibility	that	the	difficulty	of	the	content	influenced	student	performance.	Ms.	Baird	taught	precalculus	last	year;	Ms.	Dolf	taught	precalculus	the	two	years	before	that.	Both	teachers	used	the	same	instrument	to	assess	students	each	year	for	Units	7,	8,	and	9.	Descriptive	statistics	for	test	scores	are	included	in	Table	9.	Table	4.5	
Descriptive	Statistics	of	Test	Grades	by	Unit,	Ms.	Baird	and	Ms.	Dolf	Unit	 Minimum	 Maximum	 Mean	 SD	7	 50	 100	 85.27	 11.21	8	 50	 100	 84.83	 12.31	9	 49	 100	 82.21	 13.77	
	 The	data	were	analyzed	using	a	one-way	ANOVA	with	statistical	significance	set	at	an	alpha	level	of	0.05	to	measure	the	influence	of	the	independent	variable,	unit	number,	on	the	dependent	variable,	test	grade.	Test	grades	from	the	current	and	previous	precalculus	teachers,	Ms.	Baird	and	Ms.	Dolf,	for	the	past	three	years	showed	no	statistical	difference	between	tests	(see	Table	4.6).	Table	4.6	

































One-Way	Analysis	of	Variance	of	Predicted	Change	by	Unit	Source	 df	 SS	 MS	 F	 p	Between	groups	 2	 5.92	 2.96	 10.12	 0.000087	Within	groups	 120	 35.08	 0.29	 	 	Total	 122	 41.00	 	 	 	
Note.	Predicted	change	is	the	difference	between	predicted	level	and	actual	performance	level	on	test.		Since	p	<	.01,	pairs	of	groups	were	analyzed	using	a	Tukey-Kramer	HSD	Post-Hoc	Test,	indicating	statistical	significance	both	for	Test	7	vs	Test	8	and	also	Test	8	vs	Test	9	(see	Table	4.10).	Table	4.10	
Tukey-Kramer	HSD	Comparison	for	Predicted	Change	by	Unit		 	 	 95%	CI	Comparisons	A	vs	B	 Mean	Grade	Difference	(A–B)	 Std.	Error	 Lower	Bound	 Upper	Bound	Test	7	vs	Test	8	 0.44*	 0.17	 	0.15	 0.72	























































	 Ms.	Baird	posted	the	worked	examples	for	Unit	8	in	Canvas,	the	learning	management	system	for	the	class.	She	mentioned	to	the	students	that	they	were	available,	but	she	did	not	emphasize	their	importance	in	preparing	for	the	unit	test.	When	students	worked	on	their	test	corrections	for	Unit	8	in	class	after	the	test,	she	suggested	that	they	pull	up	the	worked	examples	and	use	them	as	they	corrected	their	tests.	For	Unit	9,	several	students	printed	out	the	worked	examples	and	used	them	in	class	each	day.	A	few	students	asked	questions	about	the	worked	examples	during	zero	block.	Some	students	used	the	worked	examples	while	they	were	self-reporting	and	predicting	their	learning	target	levels.	She	noticed	that	the	worked	examples	helped	some	students	who	did	not	otherwise	know	where	to	start	to	learn	what	they	needed	to	know.		 Ms.	Baird	emphasized	the	importance	of	metacognition	with	one	class	during	Unit	8	and	with	all	classes	during	Unit	9.	She	and	other	members	of	the	mathematics	department	often	ask	students	to	think	about	where	they	are	in	their	learning,	but	she	noticed	that	self-reporting	and	predicting	their	learning	target	levels	made	student	thinking	more	specific.	The	ratings	pinpointed	for	students	where	they	were	and	where	they	wanted	to	be	and	helped	them	realize	that	they	still	had	time	to	do	something	about	their	rating.	Ms.	Baird	overheard	students	asking	each	other	where	they	were	and	where	they	wanted	to	be.		 Ms.	Baird	plans	to	continue	asking	students	to	rate	their	progress	towards	learning	targets,	and	she	believes	that	starting	out	with	Unit	1	will	help	students	become	accustomed	to	the	practice	and	take	it	more	seriously.	She	noted	that	writing	leveled	worked	examples	for	each	unit	takes	a	lot	of	time,	but	she	thinks	that	the	time	is	worth	it.	In	precalculus,	she	already	has	worked	examples	for	Units	8	and	9,	and	so	she	plans	to	write	them	for	other	units	next	year.	
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Sample	Student	Data,	Unit	2	Raw	Student	Number	 2_1					pre-test	level	 2_1	predicted	level	 2_1	actual	test	level	 2_2					pre-test	level	 2_2	predicted	level	 2_2	actual	test	level	 2_3					pre-test	level	 2_3	predicted	level	 2_3	actual	test	level	 2_4					pre-test	level	 2_4	predicted	level	 2_4	actual	test	level	200	 1	 3	 2	 1	 3	 3	 3	 3	 4	 1	 2	 3	201	 3	 3	 1	 2	 3	 3	 3	 3	 2	 1	 2	 1	202	 3	 4	 3	 3	 3	 4	 2	 3	 3	 1	 2	 3		The	mean	of	the	pre-test	levels,	predicted	levels,	and	actual	test	levels	were	calculated	for	each	student	for	each	unit	and	used	to	compare	units	(see	Table	6.2).	For	example,	student	200	had	a	mean	level	of	1.5	on	the	pre-test,	predicted	a	mean	level	of	2.75,	and	actually	performed	at	a	mean	level	of	3	on	the	test.	Individual	students	were	removed	from	the	total	student	count	in	any	unit	for	which	they	were	absent	for	the	pre-test	or	if	they	opted	out	of	predicting	their	learning	levels	on	the	test.	Table	6.2	




Sample	Student	Data,	Student	Reflection	Before	the	Test	Student	Number	 What	do	you	plan	to	do	to	reach	your	predicted	learning	levels?	200	 Use	the	worked	examples	my	teacher	provided,	Watch	calculus	videos,	Review	class	notes	201	 Use	the	worked	examples	my	teacher	provided,	Study	with	another	student,	Watch	calculus	videos,	Review	class	notes	202	 Use	the	worked	examples	my	teacher	provided,	Study	with	another	student,	Watch	calculus	videos		After	the	test,	students	were	given	the	opportunity	to	reflect	on	what	treatments	they	actually	tried,	whether	the	treatments	helped,	and	what	they	might	do	the	next	time	they	prepare	for	a	calculus	test	(see	Table	6.4).	Table	6.4	
Sample	Student	Data,	Student	Reflection	After	the	Test	Student	Number	 What	did	you	do	to	reach	your	predicted	learning	levels?	(select	all	that	apply)	 Did	what	you	do	helped?	Explain.	 What	might	you	do	next	time	instead	of	or	in	addition	to	what	you	did	this	time?	200	 Use	the	worked	examples	my	teacher	provided,	Watch	calculus	videos,	Review	class	notes	
I	think	it	did	help	me	do	my	better	than	i	would	have	without	it.	I	didn’t	do	great	on	the	test,	but	I	think	reviewing	everything	definitely	helped	me	grasp	the	concepts	better.	










Test	Number	of	students	 	 	 	 	 	 	 	 Mean	%		 LG2_1	 LG2_2	 LG2_3	 LG2_4	 	 	 	 	33	 43%	 3%	 31%	 11%	 	 	 	 22%		 LG3_1-1	 LG3_1-2	 LG3_1-3	 LG3_1-4	 LG3_1-5	 LG3_1-6	 	 	29	 10%	 17%	 59%	 14%	 10%	 21%	 	 22%		 LG3_2-1	 LG3_2-2	 LG3_2-3	 LG3_2-4	 LG3_2-5	 	 	 	28	 14%	 11%	 21%	 25%	 36%	 	 	 21%		 LG4-1	 LG4-2	 LG4-3	 LG4-4a	 LG4-4b	 LG4-5	 	 	32	 25%	 34%	 ---	 ---	 25%	 59%	 	 36%		 LG5-1a	 LG5-1b	 LG5-2	 LG5-3	 LG5-4	 LG5-5	 LG5-6	 	28	 36%	 25%	 ---	 21%	 ---	 18%	 39%	 28%		Question	2	How	do	student	predictions	compare	to	student	performance?	Table	6.7	shows	the	means	of	the	pre-test	level	means	and	predicted	level	means	for	all	students	by	unit.	Students	who	were	missing	any	learning	goal	levels	in	a	unit	were	removed	from	the	data	for	that	unit.		The	difference	between	the	predicted	level	mean	and	the	pre-test	level	mean	of	0.77	for	Unit	1	indicates	that,	on	average,	students	predicted	that	they	would	score	three-fourths	of	a	level	higher	on	the	actual	test	than	they	did	on	the	pre-test.	The	difference	of	0.33	for	Unit	3_2	indicates	that,	on	average,	students	predicted	that	they	would	score	one-third	of	a	level	higher	on	the	actual	test	than	they	did	on	the	pre-test.	
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Table	6.7	
Pre-test	and	Predicted	Level	Means	of	All	Students	by	Unit	Unit	 Number	of	students	 Pre-test	Level	Mean	 Predicted	Level	Mean	 Predicted	Level	Mean	–	Pre-test	Level	Mean	2	 33	 1.87	 2.64	 0.77	3_1	 21	 2.23	 2.71	 0.48	3_2	 19	 2.27	 2.60	 0.33	4	 20	 2.11	 2.55	 0.44	5	 20	 2.28	 2.71	 0.43	All	 113	 2.12	 2.64	 0.52		 Table	6.8	shows	the	pre-test	level	and	predicted	level	from	the	total	number	of	learning	goals	rated	in	each	unit.	18%	of	the	predicted	ratings	for	all	students	were	lower	than	the	level	of	the	students	on	the	pre-test.		Table	6.8	
Comparison	of	Pre-test	and	Predicted	Levels	of	Ratings	for	All	Students	Comparison	 Count	Predicted	<	Pre-test	 97	(18%)	Predicted	=	Pre-test	for	Level	1	or	Level	2	 64	(12%)	Predicted	=	Pre-test	for	Level	3	or	Level	4	 99	(19%)	Predicted	>	Pre-test	 273	(51%)		 Table	6.9	shows	data	from	the	total	number	of	learning	goals	rated	in	each	unit,	the	number	of	those	where	students	predicted	they	would	perform	higher	on	the	test	than	they	did	on	the	pre-test,	and	the	number	of	those	where	students	actually	did	perform	higher	on	the	test	than	they	did	on	the	pre-test.	For	63%	of	the	ratings	for	Unit	2,	students	predicted	they	would	perform	higher	on	the	test	than	they	did	on	the	pre-test;	however,	they	only	actually	performed	higher	on	the	test	than	the	pre-test	for	37%	of	the	Unit	2	ratings.	
		 90	
Table	6.9	
Student	Prediction	and/or	Performance	Greater	Than	Pre-test	Level	Unit	 Total	Number	of	Learning	Goals	Rated	 Predicted	Level	Greater	Than	Pre-test	Level	 Total	Number	of	Learning	Goals	Rated	 Actual	Test	Level	Greater	Than	Pre-test	Level	2	 132	 83	(63%)	 140	 52	(37%)	3_1	 126	 65	(52%)	 174	 90	(51%)	3_2	 95	 39	(41%)	 140	 53	(38%)	4	 80	 37	(46%)	 128	 39	(30%)	5	 100	 49	(49%)	 140	 65	(46%)	All	 533	 273	(51%)	 722	 299	(41%)	
	 Table	6.10	shows	the	means	of	the	predicted	level	means	and	actual	level	means	for	all	students	by	unit.	Students	who	were	missing	any	learning	goal	levels	in	a	unit	were	removed	from	the	data	for	that	unit.		The	difference	between	the	actual	level	mean	and	the	predicted	level	mean	of	0.04	for	Unit	3_1	and	Unit	3_2	indicates	that,	on	average,	students	performed	at	about	the	same	level	on	the	actual	test	as	they	predicted	they	would	perform.	The	difference	of	-0.54	for	Unit	2	indicates	that,	on	average,	students	actually	performed	at	about	one-half	level	below	on	the	actual	test	than	they	predicted	they	would	perform.	Table	6.10	
Predicted	and	Actual	Test	Level	Means	of	All	Students	by	Unit	Unit	 Number	of	Students	 Predicted	Level	Mean	 Actual	Level	Mean	 Actual	Level	Mean	–	Predicted	Level	Mean	2	 33	 2.64	 2.10	 -0.54	3_1	 21	 2.71	 2.75	 0.04	3_2	 19	 2.60	 2.64	 0.04	4	 20	 2.55	 2.06	 -0.49	5	 20	 2.71	 2.61	 -0.10	All	 113	 2.64	 2.39	 -0.25		
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Table	6.11	shows	how	many	students	in	each	unit	had	an	actual	level	mean	on	their	test	that	was	greater	or	equal	to	their	predicted	level	mean.	60%	of	the	students	had	an	actual	level	mean	on	their	Unit	3_2	test	that	was	greater	or	equal	to	their	predicted	level	mean.	Table	6.11	

















































































	2.	Rewrite	the	following	absolute	value	functions	as	piecewise	functions.	a.	 	b.	 		3.	If	possible,	use	the	table	below	to	evaluate	the	following.	x	 j(x)	 n(x)	-1	 5	 0	0	 3	 0.2	1	 -2	 -4	2	 4	 7		a.	 	b.	 	c.	 		
	
4.	Use	the	graphs	of	f(x)	and	g(x)	to	evaluate	the	following.		a.	 	b.	 	c.	 		
	5.	Determine	whether	the	following	functions	are	one	to	one.	a.	 		 	 b.	 		 	6.	If	 		find	 and	give	its	domain.	 	
f x( ) = 3x − 4 +1
( ) 5 3f x x= - -
 
j on( ) −1( )
 
j − n( ) 2( )
 
no j( ) 1( )
 
f + g( ) 0( )
 
g o f( ) −1( )
 
f o g( ) 1( )









7.	Find	the	value	of	each	of	the	following	if	the	given	functions	are	as	follows:											 										 										 											 	a.	Domain	of	 	 	 	 b.	 	 	 	 c.	 	 	 			d.	Domain	of	 	 	 e.	 	 	 	 f.	Domain	of	 		8.	Given	 .	a.	What	is	 ?		b.	Complete	the	following	table.		
	 	 slope	 x-intercept	 y-intercept	f(x)	 		 	 	f-1(x)	 		 	 	c.	Make	a	conjecture	about	the	slopes	of	two	linear	functions	that	are	inverses	of	each	other.		d.	Make	a	conjecture	about	the	x-	and	y-intercepts	of	two	linear	functions	that	are	inverses	of	each	other.	Will	this	be	true	for	all	functions	and	their	inverses?	Explain	your	reasoning.		9.	a.	Determine	a	function	f(x)	such	that	 .	b.	What	must	be	true	about	a	function	that	is	its	own	inverse?		10.	The	difference	quotient	of	a	function	f	is	given	by	 .	Find	the	difference	quotient	for	the	function	 .	Simplify	your	answer.	11.	Find	the	difference	quotient	 	for	 .		12.	Given	 	and	 .	 	is	given	by	 .	Find	the	difference	quotient	and	rewrite	it	by	rationalizing	the	numerator.	Then	evaluate	 	by	evaluating	your	rewritten	difference	quotient	at	 .	You	have	found	the	slope	of	the	line	tangent	to	the	graph	of	 	at	 .	
13.	Given	 .	
a.	Sketch	a	graph	of	k(x).	b.	Evaluate	the	following:	 .		 		






( )( )3h f -! ( )( )g h x!
( )( )g h x! ( )( )h g x! ( )( )h g x!
f x( ) = px + r
( )1f x-
( ) ( )1f x f x x-= "




( ) 2 4 1f x x x= - +
( ) ( )3 3f h f
h






( ) 2f x x= + 4a = ( )' 4f ( ) ( )






( ) 2f x x= + 4x =
k x( ) =
2x, x < 2
x −3 +1, 2 ≤ x < 5











No	Calculator		 	 	 	 	 	 Please	circle	your	answers!		
I	can	perform	various	operations	on	of	functions,	including	addition,	subtraction,	
multiplication,	division,	and	composition.	I	can	determine	the	properties	of	these	
new	functions.		1.	If	possible,	use	the	table	below	to	evaluate	the	following.		a.	 	b.	 	c.	 						2.	Use	the	graphs	of	f(x)	and	g(x)	to	evaluate	the	following.		a.	 	b.	 	c.	 				3.	Find	the	value	of	each	of	the	following	if	the	given	functions	are	as	follows:											 										 										 										 	 		a.	Domain	of	 	 	 	 b.	 	 	 	 c.	 	 	 						d.	Domain	of	 	 	 e.	 	 	 	 f.	Domain	of	 			
 
j on( ) −1( )
 
j − n( ) 2( )
 
no j( ) 1( )
 
f + g( ) 0( )
 
g o f( ) −1( )
 
f o g( ) 1( )






( )( )3h f -! ( )( )g h x!
( )( )g h x! ( )( )h g x! ( )( )h g x!
x	 j(x)	 n(x)	-1	 5	 0	0	 3	 0.2	1	 -2	 -4	2	 4	 7	
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piecewise	functions.		7.	Given	the	graph	of	h(x),	write	a	piecewise	function	for	h(x).				8.	Rewrite	the	following	absolute	value	functions	as	piecewise	functions.	a.	 		 	 	 b.	 			







( )1f x- 	 f −1(x)
 
f x( ) = px + r
( )1f x-
f x( ) = 3x − 4 +1 ( ) 5 3f x x= - -








I	can	simplify	the	difference	quotient	of	a	polynomial,	rational,	or	radical	function.	10.	The	difference	quotient	of	a	function	f	is	given	by	 .	Find	the	difference	quotient	for	the	function	 .	Simplify	your	answer.											11.	Find	the	difference	quotient	 	for	 .	Simplify	your	answer.							 	
k x( ) =
2x, x < 2
x − 3 +1, 2 ≤ x < 5







( ) ( ) ( ) ( ) ( )0 ,  2 ,  4 ,  5 ,  8k k k k k




( ) 2 4 1f x x x= - +
( ) ( )3 3f h f
h







12.	Given	 	and	 .	 	is	given	by	 .	Find	the	difference	quotient	and	rewrite	it	by	rationalizing	the	numerator.	Then	evaluate	 	by	evaluating	your	rewritten	difference	quotient	at	 .		You	have	found	the	slope	of	the	line	tangent	to	the	graph	of	 	at	 .											
I	can	determine	if	a	function	is	continuous.	I	can	identify	discontinuities	as	
removable	(point)	or	nonremovable	(jump	or	asymptotic).		13.		(Free	Response	Question)	Consider	the	two	piecewise	defined	functions,	f(x)	and	g(x),	below	to	answer	the	following	questions.	
	 	 	 		
	a.	Find	f(-9),	f(-3),	f(7),	and	the	domain	of	f(x).		b.	Does	f(x)	have	a	discontinuity	at	x=-3?	If	so,	classify	it.	Justify	your	reason.		c.	For	what	value(s)	of	a	is	the	graph	of	g(x)	continuous	at	x=-2?		 				 	
( ) 2f x x= + 4a = ( )' 4f ( ) ( )






( ) 2f x x= + 4x =
 
f x( ) =
x2 + 2
3
x, −9 < x ≤ −3
−2x +1, −3< x < 2









g(x)= ax +3,x < −2






























































































































Test	1	–	Unit	7	Transformations	of	Parent	Functions	7_1	 I	can	graph	and	write	the	equation	of	a	transformed	parent	function.	7_2	 I	can	recognize	transformations	given	a	graph	or	equation.	7_3	 I	can	determine	properties	of	a	graph	of	function	such	as	domain,	range,	extrema,	increasing,	decreasing,	constant,	intercepts,	and	symmetry.	7_4	 I	can	write	a	function	or	graph	with	given	properties	or	determine	that	such	a	function	cannot	exist	and	why.		
Test	2	–	Unit	8	Piecewise,	Inverse,	and	Composite	Functions	8_1		 I	can	graph,	write	equations	for,	and	determine	properties	of	piecewise	functions.	8_2	 I	can	determine	if	a	function	is	continuous.	I	can	identify	discontinuities	as	removable	(point)	or	nonremovable	(jump	or	asymptotic).	8_3	 I	can	rewrite	absolute	value	functions	as	piecewise	functions.	8_4	 I	can	perform	various	operations	on	of	functions,	including	addition,	subtraction,	multiplication,	division,	and	composition.	8_5	 I	can	determine	properties	of	composite	and	inverse	functions	such	as	domain,	range,	and	function	values.	8_6	 I	can	simplify	the	difference	quotient	of	a	polynomial,	rational,	or	radical	function.		




































Test	1	–	Unit	2	Derivatives	2-1	 I	can	use	the	definition	of	the	derivative.	2-2	 I	can	evaluate	derivatives	from	graphs,	tables,	and	equations	using	different	techniques.	2-3	 I	can	write	the	equations	of	tangent	and	normal	lines	at	a	point	on	a	graph.	2-4	 I	can	solve	related	rates	problems	with	a	real-world	context.		
Test	2	–	Unit	3_1	Applications	of	Differentiation	3_1-1	 I	can	use	the	derivative	to	determine	maxima	and	minima	of	a	function.	3_1-2	 I	can	use	the	Intermediate	Value	Theorem,	the	Extreme	Value	Theorem,	and	the	Mean	Value	Theorem.	3_1-3	 I	can	analyze	functions	from	graphs,	tables,	and	equations	using	different	techniques.	3_1-4	 I	can	use	the	original	function	to	deduce	information	about	the	first	and	second	derivatives.	3_1-5	 I	can	use	the	derivative	to	deduce	information	about	the	second	derivative	and	the	original	function.	3_1-6	 I	can	use	the	second	derivative	to	deduce	information	about	the	first	derivative	and	the	original	function.		
Test	3	–	Unit	3_2	Applications	of	Differentiation	3_2-1	 I	can	use	the	tangent	line	at	a	point	to	approximate	values	of	the	function	near	the	point	of	tangency.	3_2-2	 I	can	use	L'Hopital's	Rule	to	evaluate	a	limit.	3_2-3	 I	can	determine	the	differential	for	a	function.	3_2-4	 I	can	solve	optimization	problems	with	a	real-world	context.	3_2-5	 I	can	solve	related	rates	problems	with	a	real-world	context.		
Test	4	–	Unit	4	Antidifferentiation		4-1	 I	can	approximate	the	area	under	a	curve	using	Riemann	Sums.	4-2	 I	can	approximate	the	area	under	a	curve	using	the	Trapezoidal	Rule.	
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4-3	 I	can	set	up	and	calculate	the	exact	area	under	a	curve	using	the	limit	of	the	sum	of	the	areas	of	an	infinite	number	of	rectangles.	4-4a	 I	can	use	the	Fundamental	Theorem	of	Calculus.	4-4b	 I	can	use	the	Second	Fundamental	Theorem	of	Calculus.	4-5	 I	can	antidifferentiate	using	various	techniques,	including	substitution	of	variables.		




What did you do to reach your 
predicted learning levels? (select all 
that apply) Did what you do helped? Explain. 
What might you do next time 
instead of or in addition to what 
you did this time? 
Watch calculus videos I believe it did Study longer  
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
I think it did help me do my better than i 
would have without it. I didn’t do great on 
the test, but I think reviewing everything 
definitely helped me grasp the concepts 
better.  
I would review like I did but I 
wish I would have gone back 
over definition of derivative 
problems because I struggled 
with those.  
Use the worked examples my 
teacher provided, Study with another 
student, Watch calculus videos, 
Review class notes No. I still failed miserably  Get a tutor  
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes Yes, I improved on my learning levels.  I should get tutored.  
Absolutely nothing Sure did help me stay at level 1 Actually study for the tests 
Use the worked examples my 
teacher provided 
Yes it did because it help me remember 
what I needed to do. Review and study with others. 
Use the worked examples my 
teacher provided, Get help from a 
teacher or tutor, Watch calculus 
videos, Review class notes 
I felt like what I did, didn't really help me. 
I was learning the basics and testing the 
waters of unit 2. I was able to find the 
answers to unit 2 questions if they were 
given to me at face value. On the test, I felt 
like I had to incorporate a lot of rules and 
formulas just to find an answer. Doing that 
confuses me a lot and I think I may have 
done bad on the test because of that. When 
we did test corrections, I was able to see 
what I did wrong 
Next time, if something is not 
clear to me, I will get help 
immediately. I wont sit around 
and let the class get ahead of 
me.  
Use the worked examples my 
teacher provided, Study with another 
student, Watch calculus videos 
Yes because I was less confident on the 
objectives until I practiced the weekend To do mathxl a week earlier 
Use the worked examples my 
teacher provided, Get help from a 
teacher or tutor 
It helped for some of the learning goals but 
I should have prepared more for LG1 and 
LG3  
Study with another student, Watch 
calculus videos 
It gave me a broad understanding but I still 
didn't know how to do everything.  Study more 
Use the worked examples my 
teacher provided, Watch calculus 
videos 
I thought what I did helped but once I got 
to the test I realized my knowledge was 
not enough maybe study with friends 
Study with another student, Watch 
calculus videos, Review class notes 
Obviously not, because I still got a bad 
grade.  
Literally everything because I 
need it apparently.  
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Study with another student 
Yes. Going over problems with another 
student helped me see their strategy at 
solving the problem.  
I will watch the calculus videos 
and get help from a teacher or 
tutor.  
Use the worked examples my 
teacher provided, Watch calculus 
videos Extremely Review notes too 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
It helped a little. It probably would have 
helped more if I did more of it. 
I will probably get help from a 
teacher during zero block when I 
have time. 
Review class notes 
Kind of, i got to review what we already 
went over 
So much more, review videos, 
practice 
I did various practice problems, 
namely the FRQs 
Yes, by doing all seven of the FRQs, I was 
more than prepared for the test 
Next time I will more than likely 
work the self assessments that's 
available in addition to the 
FRQs 
Review class notes It was enough, so I was not prepared  Everything  
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes some of the videos did gelp 
Maybe getting more teacher 
help 
Use the worked examples my 
teacher provided, Get help from a 
teacher or tutor, Watch calculus 
videos 
Yes, I felt much more prepared for the test 
than I did on pre-assessment day. 
Next time, I will try to work 
more challenging questions to 
ensure that I can reach the 
answer with accurate (aka not 
forgetting a step/making a 
mathematical error) 
Watch calculus videos, Review class 
notes It did some, but not much.  
Look at worked examples of the 
problems and get help from a 
tutor 
Study with another student, Watch 
calculus videos 
I was under the impression I knew the 
material. 
I will do more of what I did to 
study for this test but use more 
materials and different 
questions. 
Review class notes 
Yes, because there were several concepts 
that could only be learned through rote 
memorization. 
I might also work some 
problems on Canvas. 
Watch calculus videos 
No. I needed a better understanding that a 
video could not help with.  
Ask teachers or other students 
with a better understanding 
about the material.  
Use the worked examples my 
teacher provided, Watch calculus 
videos Yes Study with another student 
Use the worked examples my 
teacher provided, Review class notes 
Kind of, I feel like I could have tried 
harder to prepare myself but got swamped 
with work from other classes. I would prepare earlier. 
Use the worked examples my 
teacher provided, Study with another 
student 
I think it did because I did pretty good on 
some sections of the test that I actually 
studied hard for.  
I could practice and study the 




What did you do to reach your 
predicted learning levels? (select all 
that apply) Did what you do helped? Explain. 
What might you do next time 
instead of or in addition to what 
you did this time? 
Review class notes Yes Actually study 
Use the worked examples my 
teacher provided, Watch calculus 
videos 
Yes, the videos explained the subjects I did 
not know. I will do edpuzzles. 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes, sibling 
help 
Called my brother to explain everything I 
didn't understand  
study more than the night 
before the test 
Study with another student 
Kind of? If I didn’t do anything I would’ve 
failed harder than if I did 
Hopefully I’ll actually study 
more 
Use the worked examples my 
teacher provided, Get help from a 
teacher or tutor, Review class notes Yes, I understood the major concepts.  I should watch calculus videos. 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
I thought it did but I did not do well on the 
test so I guess not.  Study more I guess 
Use the worked examples my 
teacher provided, Review class notes 
No, I did not study the notes as much as I 
needed Study routinely  
Watch calculus videos, Review class 
notes 
I just understood the information in class 
better 
Actually study. I say I’m going 
to study every time and I never 
do. I’m really trying to change 
that. 
Use the worked examples my 
teacher provided, Review class 
notes, Learning Goal Quiz 
Yes, it made me feel better about 
recognizing the types of questions and what 
was expected for the answers.  
I might watch some videos to 
prepare more to make sure that 
I have everything down.  
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
Yes, my levels from the first quiz went up 
on the test. 
Study with another student 
because they might know an 
easy way to do something. 
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
I feel like looking at the problems that the 
teacher gave on canvas and through the 
level quiz helped. 
I probably should watch more 
of the videos on Edpuzzle. 
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
I got help from a student, and it helped to 
have someone else’s explanation as well.  Watch the videos. 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
It definitely helped to review the worked 
examples because they helped me to 
understand. 
Next time, I will also study 
outside of school with some 
friends. 
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
It was not enough , for the results were not 
high More 
Watch calculus videos, FRQs 
It most definitely did help. The FRQs were 
similar to the questions on the test, so I feel 
like I had an edge, if you will, and it really 
helped me recognize similar questions. 
Next time, I'd more than likely 
study with someone else other 
than trying to do it all by 
myself. 
I worked a FRAPPY and a lab 
Maybe? I did a lot better on the test than I 
did on the practice. Nothing comes to mind 
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Watch calculus videos Kind of, I didn’t study too much. Study more 
Use the worked examples my 
teacher provided, Study with another 
student 
Yes. Going over several practice problems 
and making sure I knew what each question 
was asking definitely helped.  
More practice problems. Watch 
calculus videos.  
Use the worked examples my 
teacher provided, Watch calculus 
videos 
I think it was but I was tired so I didn’t 
fully absorb the information review with others 
Use the worked examples my 
teacher provided, Study with another 
student 
yes, I was able to work through the type of 
problems that were on the test 
I will study more before the 
test, rather than just the block 
before 
I ended up not doing anything :((  
I am going to try to do what i 
said i will do. 
Use the worked examples my 
teacher provided, Watch calculus 
videos Kind of 
Be able to do all of the canvas 
quizzes and watch more videos 
on fuzzy content and work 
more examples. 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes, The 
mighty Khan academy 
It did indeed. I would not have gotten the 
curve without it 
Get that kid named Lee to tutor 
me finally.  	
Test	3	–	Unit	3_2	
What did you do to reach your 
predicted learning levels? (select all 
that apply) Did what you do helped? Explain. 
What might you do next time 
instead of or in addition to what you 
did this time? 
Study with another student, Watch 
calculus videos Yes  Get help from the teacher  
Watch calculus videos, Review class 
notes, MathXL  Honestly yes it helped so much.  
I have definitely got to watch more 
edpuzzles because those things work 
wonders.  
Use the worked examples my teacher 
provided, Study with another 
student, Review class notes 
Studying with classmates really 
cleared up some confusion 
Prepare much more and learn 
related rates  
I asked classmates questions 
Yes, i got things i was confused on 
kind of made clearer The things i said i would do 
Use the worked examples my teacher 
provided, Watch calculus videos, 
Review class notes 
Yes. I did not understand L'Hopital's 
Rule or related rate problems before 
studying.  Maybe work more problems.  
Use the worked examples my teacher 
provided, Study with another 
student, Review class notes A little....as in .001 percent 
make more time rather stress my 
mind out 
Use the worked examples my teacher 
provided, Study with another 
student, Get help from a teacher or 
tutor 
yes. The self assessment provided 
me challenging questions so I could 
solidify my knowledge on the LGs  
I would like to do the canvas 
questions.  
 No. I got a 50 on the test. 
Lee said the FRQs are helpful, and 
rollover PSP is never a bad thing. I'll 
probably do most if not all of those. 
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Use the worked examples my teacher 
provided, Study with another 
student, Watch calculus videos 
It did help a lot. Being able to study 
with a friend helped me understand 
where I was going wrong 
Do mathxl and canvas practices as 
the unit progresses 
Watch calculus videos, Review class 
notes 
yes, I wouldn't have known how to 
do the limit problems Steady all the terms on the test.  	
Test	4	–	Unit	4	
What did you do to reach your 
predicted learning levels? (select all 
that apply) Did what you do helped? Explain. 
What might you do next time instead 
of or in addition to what you did this 
time? 
Use the worked examples my 
teacher provided, Study with another 
student, Get help from a teacher or 
tutor, Watch calculus videos, Review 
class notes 
It helped for the most part. I just did 
not do enough. 
I would take more time to study and 
do more activities. 
Use the worked examples my 
teacher provided, Get help from a 
teacher or tutor, Watch calculus 
videos, Review class notes 
Yes, it helped me know each skill 
that I needed for the test.  I would like to do the canvas quizzes 
Study with another student, Review 
class notes A little. I didn't try very hard. 
If my exam grade was poor, I will 
work probably the whole review. 
Use the worked examples my 
teacher provided, Review class notes   
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
I thought it helped but my grade 
said it didn’t. It was mostly the trig 
functions that tripped me up this 
time.  
Probably look over more examples of 
finding the integrals of different trig 
functions.  
Study with another student 
Not for this particular test, but I 
plan to retake it when we get back 
to school. 
Watch videos and find my notes for 
class 
Use the worked examples my 
teacher provided, Watch calculus 
videos 
I went on the student document 
and read through all the papers. I 
thought that helped me out a lot 
because during class, I was not able 
to grasp a complete understanding 
of the unit.  
I might do more self assessments 
along with the videos and student 
folder. 
Use the worked examples my 
teacher provided, Study with another 
student 
It helped me understand my 
mistakes more Exactly the same thing 
Use the worked examples my 
teacher provided, Study with another 
student, Watch calculus videos 
Some of it did, but I feel like I could 
have done a little more. 
I will probably start working a little 
bit more ahead of time so that I have 
time to ask more questions that I 
can't figure out on my own or online. 
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
It helped mostly. I didn’t reach my 
goal but I did improve significantly 
with my understanding. 
I might watch some videos and do a 
little more of what I did. 
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Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
A little. I could have done better if I 
had more time, but I'm a slow test 
taker.  I might look at calculus videos.  
Review class notes It did, a little refresher  Study with someone else 
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes 
Yes it did. I got a really good score 
on the test.. Watch some calculus videos 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
Khan Academy really helped me 
learn the fundamental theorem of 
calculus in more detail than I was 
about to in class.  Do more FRQs! 
FRQs 
Yes doing the AP practice problems 
are extremely effective as they as 
the similar types of questions asked 
on the tests  
Next time I’d probably study with a 
student or look at worked notes 
Use the worked examples my 
teacher provided, Study with another 
student, Watch calculus videos, 
Review class notes I think it did  More studding  	
Test	5	–	Unit	5	
What did you do to reach your 
predicted learning levels? (select all 
that apply) Did what you do helped? Explain. 
What might you do next time instead 
of or in addition to what you did this 
time? 
Use the worked examples my 
teacher provided, Watch calculus 
videos, Review class notes 
Nope- I had no idea what I was 
doing  Get help from a tutor 
Use the worked examples my 
teacher provided 
Kind of. I didn’t do it to the extent 
that is necessary. Study more 
Made flash cards 
No. I don't know why, but knowing 
more things didn't help. ??? MOAR FLASH CARDS 
Use the worked examples my 
teacher provided, Review class notes Decently until I forgot  Do it more 
Mathxl :( No, cant study with math xl Study notes 
Use the worked examples my 
teacher provided, Review class notes 
I reviewed the notes in class, and I 
felt like that helped me understand 
a bit more.  
I think I might review the notes in the 
student folder more.  
Use the worked examples my 
teacher provided 
No, I didn't have a good grasp on 
the subject to begin with, so the 
problems didn't help my 
understanding of this unit. Watch khan academy 
Use the worked examples my 
teacher provided, Review class notes 
I worked some of the problems 
from class and worked the self 
assessment and the frqs 
The procrastination stressed me out! 
But I think it made me work harder.  
Use the worked examples my 
teacher provided, Study with another Kind of 
Watch more videos on how to do the 
topic. 
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student, Review class notes, Self 
assessment 
Review class notes   
Use the worked examples my 
teacher provided, Study with another 
student, Review class notes, MathXL 
It did help me because on a good 
bit of problems I felt I knew where 
to start at least.  Do my homework on time 
Use the worked examples my 
teacher provided, Watch calculus 
videos 
Worked with friends outside of 
class 
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